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WHAT IS CLAIMED IS; 




1. 



composing: 



lA system for recommending an optimal treatment protocol for an individual 



a system model; 

a plurality df treatment protocols; 
5 a system modM modifier, wherein said system model is modified by the system model 

modifier based on parameters specific to the individual; and 

a selector to selectVi optimal treatment protocol from said plurality of treatment 
protocols based on the modified system model. 



2. The system of claim 1 wherein the system model further comprises: 
a realistic biological procesk model; and 
a realistic treatment model thk models the effects of a treatment on said biological 



process. 



3. 



The system of claim 2, wherein said biological process model comprises 
mathematical models for biological processes\ffecting healthy cell populations and biological 
processes affecting cell populations with at 



leasnpne disease. 



4. The system of claim 3 wherein said healthy cell populations include bone- 
cells and host tissue cells that are affected by said treatment model. 



marrow 




5. 



The system of claim 3 wherefk said cell populations with at least one disease is 
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one of cancer cells, and diseased bone-marrow cells including diseased Neutrophil cells and 
diseased Thrompocyte cells. 



6. 



The sjstem of claim 2, wherein said treatment models comprise treatment specific 
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processes that affect ceUl populations. 



7. 



The systemW claim 6 wherein said treatment specific process is interactions 



involving one of a group conWising pharmacokinetic, pharmacodynamic, cytostatic, cytotoxic, 
and methods of affecting cell biology and causing cell death, with associated biological 



processes. 



8. 



The method of claim 1 wherein, said parameters specific to the individual include 



one or more selected from a group consisting of parameters related to the biological process' 
dynamics, patient specific drug PK, PD and\ynamics of dose-limiting host tissues. 



9. 



The method of claim 8, wherein said parameters related to biological process' 
dynamics comprise age, weight, gender, blood picture, desired length of treatment protocol, 
previous reaction to treatment, molecular markers, genetic markers, pathologic specifics and 
cytologic specifics. 



A 10. T^e system of claim 1, wherein the selector incoiporates user-specific parameters 



performing selection. 
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11. 



le system of claim 10 wherein said incorporation is done by using a fitness 

function. 



12. 



one 



a 



The sWem of claim 1 1 wherein said fitness function incorporates at least 
parameter selected froL a group comprising patient survival, time to death, time to reach 
specified disease stage Lcluding cure), tumor load, pathogen load, cytotoxicity, side effects, 
quality of life, cost of trektment, and pain. 



13. The system fcf claim 12, wherein a user can input specific coefficients for said at 
least one parameter to adjustVhe fitness function to satisfy the user's goals. 



14. The system of claim 10, wherein the user-specific parameters are based on a user, 
said user being a medical doctor. 



15. The system of claim 10, wherein the user-specific parameters are based on a user, 
said user being a scientist. 



16. The system of claim 10, wherein the user-specific parameters are based on a user, 
said user being a drug developer. 



►\ 17. Trie system of claim 1 wherein said selection of treatment protocols incorporate 



totoxic effects. 
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18. Th^ system of claim 1 wherein said selection of treatment protocols incorporate 
drug efficacy. 



19. The systeta of claim 1 , wherein the selector performs the selection using 
operation research methoi 



20. The system of Maim 1 , wherein the selector further comprises heuristics, said 
heuristics being used to performWarching and selection. 



21. The system of claim 20 wherein, said heuristics comprise computational 
feasibility. 



22. \ The system of claim 1 wherein said recommendation is a combination of disease 
and treatmenktrategy, including types of treatment, e.g. chemotherapy, radiotherapy, surgery, 
immunotherapA etc, device, drug or drug combination and treatment schedule and dosage. 



23 . The System of claim 1 , wherein, said system is implemented over a distributed 
computing system. 



24. The system of claim 23, wherein the distributed computing system is the Internet. 




25. The system oftelaim 23, wherein a user uses the system remotely. 



158 




26. 



comprising: 



Sy! ' em &r optoa, ^ protoco , . 



a general patient 



a system mbdel 



a Plurality okatment protocols; and 
a selector to sL an optimal treatment 
Protocols based on the sltem model. 



Protocol from said plurality of treatment 
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27. 



a realistic biological 



comprises: 



>rocess model; and 
a realistic treatment midel that 



process. 



models the effects of a treatment 



on said biological 



- **** — - — 



tions and biological 



»• Thesy^ „ fcIaim 2g wherejn 



30. 




Tha syste 



— - JL ce,u inc,udins — — * - 
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ctag T------ h , wlthassociatedbiologicai 



• The system of cl , 26 _ whera . n ^ sdector 
Parameters in perfonning selec„ 0n \ * -^-specie 



34. 



The system of claim 3i wherein 
function. I m ^ mCO,POra,i » " *« "y using a fitness 



35 - The system of claim 34 witafc ^ ffiness fW • 
Parameter selected from a \ Jetton mcorporates a, teas, one 

«ted from a group comprisinba tie „ tsurvival 

specified disease sta.e fi„ „ \ ^ " me (0 '«* a 



36. 



The system of claim 35, wherein 



<ea« one parameter, oadiustth r„ " V""™***""******** 

r,0adjUS " tafita - Action toLsfy , he user>s 



37. 



The system of claim 33, wherein th* . 

" USer " SpeCific ~ rs are based on a user 
160 



said user being a medical doctor. 



38. 



The system of claim 33, wherein the 



said user being a scientist. 



user-specific parameters are based 



on a user. 



39. 



The system of claim 33, wherein the 



said user being a drug developer. 



user-specific parameters are based 



on a user, 
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40. 



otoxic effdbts. 



41. 



drug efficacy. 



4e system of claim 26 wherein said selection 



of treatment protocols incorporate 



42. 



The sysi 



iem 



of claim 26, wherein the selector performs 



operation research meth< 



the selection using 



The system oUim 26 , wherein the selector 
heuristics being used to perforating and selection. 



further comprises heuristics, said 



44. 



feasibility. 



The system of claim 43 wherein, said heuristics 



comprise computational 
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45. 



t *<* drug combmahon and treaty schedule ^ 



and treatment strategy, Lluding typ, 



46 - The system of i 



computing system. 



[aim 26, wherein, said system is implemented 



over a distributed 



47. 



The system of claim 46, wherein 



*e distributed computing system is the Internet. 
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48. 



The systel of claim 46, wherein 



a user uses the system remotely. 



49. 



! >l 
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The system of claim 48 wherein th. 

' wnere "i the remote system i 



is a telephone. 





for predic.bg progression of a biolosical nro, ■ 
•, fctaitunderaoW,.;,, r, P * 30 """^ 



to healthy or disea&d 
comprising: 



a system mode) 



P^es^saidptaraJityof,,^. 



process could be related 



no treatment, said system 



a plurality oftrea\ 



10 



Ement protocols; and 

a system model moW^r ■ 

'"oyiner, wherein said svstpm i • 



biological process under said plAity 



of^.menepro.ocois oased on tte modified sy s tem 
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model. 



51. 



THe system of claim 50 wherein the 
a realistic bWgical process model: and 



system model further comprises: 



process. 



a reaiisUc treaW mode , that models ^ ^ ^ ^ 



: 1! 



gt its 
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52. 



process model comprises 



The system ofcclaim 51, wherein said biological 
— - mo d e ls for biolo k, „ s ^ ^ ^ popuMons ^ 

proofs affecting ceH popuiatiol with „ ^ 0M 



53. 



The system of ciaim 52 wherein said neaitny ceU populations ^ ^ 




54. 



The system of claim 52 wherein said cell 



of cancer cells, andWased bone- 



populations with at least one disease is 



cells and diseased Thromdbcyte cells. 



marrow cells including diseased at least 



one of Neutrophil 



55. 



The system of ^ m 51> wherejn ^ ^ modds comprfse ^ 
specific processes that affect celkopulalions. 



«. ^ system of c]aim \ ^ trea(mem spKiflc ^ ^ 

involving one of a group comprisim? pA pn j 

mpnsing P^ PD , ^ cytostafoj ^ ^ 
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affecting cell biology and\ausing cell death 

wng ceil death, with associated biological 



processes. 



57. The system of i 



r 50 Wherein ' ^ "~ S SPeCifc * "» ^ividua, iac.ude 

one or more selected from a ornl ™ • 

from grouWnsisting of parameters related to the biological 
dynamics, patient specific drug pApn ™* a. ■ , 

g FKXPD and dynam lcs of dose-limiting host tissues. 



process' 



cytologic specifics. 




59. 



A Wstem for predicting progression of a bioloeical r,™ ■ 
hderanh, .■♦ \ logical process m a general patient 

a system model: 



a plurality of treaWent protocols; and 

a predictor to predi\t the progression of the disease 



under said plurality of treatment 



or the natural biological process 



protocols. 



60- The system ofclaL 59 wherein the 
a realistic biological proceLodel; and 



system model further comprises: 



a realistic treatment model thaf models the 



process. 



effects of a treatment on said biological 
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61. 



The sy S ,e\n of claim 60, wherein said biological process model comprises 
mathematical models for bWical processes affecting healthy cel, populations a„ d biological 
processes affecting cell populations with at least one disease. 



62. The system of claim 61 wherein said healthy cell populations include bone- 
marrow cells as wel. as other host tissue ceHs tha, are affected by said treatment model. 



63. 



QP\ The \ ° f claim 62 wherein said cel1 populations with at least one disease is 

o> of cancer cells, an\l diseased bone-marrow cells including diseased Neutrophil cells 




So 



and 



1 z 

•a is* 



"3 



diseased Thrombocyte Sells. 



64. 



The systemW claim 60, wherein said treatment models 
specific processes that affectVell populations. 



comprise treatment 



65- The system of claiW 4 wherein said treatment specific process is interactions 
involving one of a group compnsinW PD cytostatic, cytotox 1C , and methods of affecting cell 
biology and causing cell death, with as\ciated biological processes. 



66. 



comprising: 



A system for modelling Thrombotic lineage in an individual, said system 



a Thrombopoiesis system model including a realistic process progression model, for 
cells invoked in Thrombopoiesis, said progression model including multiplication and 
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5 differentiation; and 

a system model modifier wherein «:aiH tw^k • • 

er, wnerem said Thrombopoiesis system model is modified by the 

system model modifier based on parameters specific to the individual. 

67. The system of claim 66 wherein the system model incorporates a realistic 
progression of cells involved in diseased Thrombopoiesis. 



68. The system of claim 67 wherein diseased Thrombopoiesis includes 



Thrombocytopenia. 



69. The system of claim 67 wherei „ tbt system mode| inco ^ rates effecb ^ ^ ^ 
one drug in tte realistic progresion rf ^ fa ^ _ 



70. 



^ system of claim 69 wherein said a, teas, one dn.g is Thrombopoietin (TPO). 



71. 



The system of claim 67 wherein said process mode, imita.es . course of me 
individual's bone marrow progression, peripheta, p,a,e,e. counts ^ TP0 

changes. 



n. The system of claim 67, wherein said process mode, incorporates cell-suppressive 



treatment effects and administration of TPO to the 



patient. 



73. The system of Cairn 72, wherein said cell-suppressive treatment car, be 



chemotherapy. 
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74. Tne system of Cairn 66 wherein said process mode , &rther ^ 

of compartments. 



75. 



The system of claim 74 wherein said 



compartments include: 



a ste m cell (SC) compartment that comprises hone marrow haemopo.tic p r o g emt 0rs that 
have an ability to differentiate into more than one cell line wherein cells in the stem cell 
compartment proliferate and differentiate into one of megakaryocyte progenitors; 

a colony f om in g units - megakaryocytes (CFU-Meg) compartment, wherein the 
megakaryocyte progenitors get committed 



multiplying and maturing; 



as a megakaryocyte line and spend some time 



a megakaryoblast (MKB) compartment, which 



wherein the cells in the MKB 
mature to release platelets; 



receives the cells from CFU-Meg, 



compartment have lost their ability to proliferate but 



are not 



a MK!6 confer,, which receives ce„s from th e MKB compartment, wherein a 
subset of ce lls in theMK16 consent re.ease piate.ets a, a constant rate unti, they exhaust 
.hen capacity and are disced and a second subset of celIs do „ ot release ^ bM 
continue with endomitosis; 

a MK32 consent tha, receives cehs from the MK.6 compartment, wherein a subset 
of ceiis in this compact re.ease piateiets and a second subset of cei,s do no, reiease piateiets 
but continue with endomitosis; 



a MK64 compartment that receives cells from the MK32 



of cells in this compartment release platelets and 



compartment wherein a subset 



a second subset of cells do not release platelets 
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20 but continue with endomitosis; 

a MH28 consent tha, receives ce„s from the MK64 compartment wherein a Sllbset 
of cells in this compartment release platelets; 
a platelets (PL) compartment. 



76. 



The system of data 75 wherein an effect of apoptosis is inc.uded with an overa,. 
of ceU probation in ^ rise t0 a„ amp,^ 0 f ceII numbeK _ . 

compartment. 



77. The system of claim 75 wherein the process model further ■ 

piuccss moaei further incorporates the effects 

of TPO on the SC, CFU-Meg and MKB compartments. 



78. The system of Cairn 77 wherein the effects are expressed in terms of effects of 
TPO concentration on amotion rate, rate of c„ maturation and a fraction of cel ls tha, 

undergo endomitosis. 



»■ The system of claim 78 wherein when the TPO concentration is above a 
predetermined thresnoid leve,, the amnion rate of ceUs in the SC compartment 
and he,ow the threshoid the amphflcation rate is dependent ordy on . cmmt number of ce „ s 



are affected 



80. 



The system of claim 77 wherein in the pptt 

wnerem m the CFU-Meg compartment the cells are 

sensitive to TPO concentration regardless of the concentration of TPO. 
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compartments and the transit time of the SC, CFU-Meg and MKB , 

u Meg and MKB compartments are functions of 

micro-environmental conditions. 



82. The system of claim 8 1 wherein in tlv> *r , 

wnerem m the SC compartment when the TPO 

concentration is above the thmh^u +u < 

the threshold, the transit time is shortened based the dose. 



83. 



The system of claim 8 1 wherein in th P r pt t a a 

nerein m the CFU-Meg and MKB, the transit time i 

solely based on TPO concentration. 



84. 



The system of claim 77 wherein a fraction of cells in the Sr , 

ui cens in the SC compartment that 

commits to megakaryocyte lineage is constant. 



«5. The system of claim 77 wherein in the CFU-Meg and MKB , 

ivieg and MKB compartments, everv 

mature cell passes on to the next compartment. 



concentration. 



87. 



The system of claim 77 wherein cells from MK1 ?* ,™ ^ 

irom MK128 compartment do not flow into 
any other compartment. 
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89 ' The s y ste ^ of claim 88 wherein C eii« a ♦ 

fat sub-compartmen, of (he ne* compaHment 

OI me «- compartment. 



91. 



The system of claim 66, wherein said model is used f 
a plurality 0 f treatment protocols; 

o» the modified system mode,. ^ b «« 



92. 



A system formodelling Thrombopietic lineage in a fi enera, 
. _, . . sema SmeraI partem, said 



solved i„ Thrombopoiesis. 1 Ce " S 



The system of claim 92 wherein th P c, ♦ 
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«. The system „f claim 93 wherejn ^ ^^.^ jndudes 



Thrombocytopenia. 



»• The system of Cairn 93 wherein the system mode, rncorporates effects of a, ,eas, 
one drug in the realistic progression of ce„s .nvolved in Thrombopoiesis. 



96. 



The system of Cairn 95 wherein said a, ,eas, one dn,g is Thrombopoieth, (TPO, 



97. The system of Cairo 93 wherein said process mode, imitates a course of the 
P a.,enfs bone marrow progression, periphera, p,a,e,e« counts and TPO concentration changes. 

* The system of Cairn 93, wherein said p ro cess mode, incorporates ce„-suppressive 
treatment effects and administration of TPO to the patient. 



»• The system of Cairn 98, wherein said ce„-suppressive treatment is chemotherapy. 

of compartments. 



101. The system of Cairn ,00 wherein said compartments inCude- 

a s*m ce„ (SC) compartment ma, comprises bone marrow hemopoietic progenitors that 

have an abdity to differentiate into more man one ce„ ,i„e wherein ce„s in the 

compartment prohferate and different int0 one of ^ 
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stem cell 



a colony forming units - megakaryocytes (CFU-Meg) 
megakaryocyte progenitors get committed 
multiplying and maturing; 



compartment, wherein the 
as a megakaryocyte line and spend some time 



are not 



a myoblast (MM) compart™,, which receives ^ ^ from ^ ^ 
wherein the ceUs i„ the MKB compartment have ,os, tWr ability t0 proliferate ^ 
1 0 mature to release platelets; 

a MK,6 compare, which receives ^ ^ ^ ^ ^ ^ ^ 

■** of ce„ s in me MK,o compart^ reiease p latelete at a conslant Me ^ ^ ^ 
•he, capacity md „ disintegrated wi a second subMt of ^ ^ ^ ^ ^ 

continue with endomitosis; 



15 



a MK32 compartment that rKejves cel)s fr om comparhMtj wteefa ^ ^ 

of ce, ls in (his compartment release plateleK ^ a ^ subse( ^ ceus ^ M( ^ ^ 
but contmue with endomitosis; 

a MK64 compartment mat receives ^ ftom ^ ^ ^ ^ ^ ^ 

of ceUs ,n .his consent re.ease piatetets ana . second subset of ceUs do » ot retease p la( e,e, s 

0 but contmue with endomitosis; 

a MK,28 compare tha, reives cel,s fa. the MK64 compartment wherein a subset 
of cells m this compartment release platelets; 
a platelets (PL) compartment. 



'02. The system of Cairn I01 „ hCTein effec , of apoptosis ^ ^ ^ 

overai! effect of ceh proliferation in givn* rise to an amphf.cation of ce„ numbers i, 
corresponding compartment. 



in a 
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1 03 . The system of claim 1 0 1 wherein the process model further incorporates the 
effects of TPO on the SC, CFU-Meg and MKB compartments. 

1 04. The system of claim 1 03 wherein the effects are expressed in terms of effects of 
TPO concentration on amplification rate, rate of cell maturation and a fraction of cells that 
undergo endomitosis. 

1 05 . The system of claim 1 04 wherein when the TPO concentration is above a 
predetermined threshold level, the amplification rate of cells in the SC compartment are affected 
and below the threshold the amplification rate is dependent only on a current number of cells. 

1 06. The system of claim 1 03 wherein in the CFU-Meg compartment the cells are 
sensitive to TPO concentration regardless of the concentration of TPO. 

1 07. The system of claim 1 03, wherein the transit time is same in all platelet releasing 
compartments and the transit time of the SC, CFU-Meg and MKB compartments are functions of 
micro-environmental conditions. 

1 08. The system of claim 1 07 wherein in the SC compartment when the TPO 
concentration is above the threshold, the transit time is shortened based the dose. 

1 09. The system of claim 1 07 wherein in the CFU-Meg and MKB, the transit time is 
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solely based on TPO concentration. 

1 10. The system of claim 103 wherein a fraction of cells in the SC compartment that 
commits to megakaryocyte lineage is constant. 

111. The system of claim 1 03 wherein in the CFU-Meg and MKB compartments, 
every mature cell passes on to the next compartment. 

112. The system of claim 103 wherein in the MK16, MK32 and MK64 compartments, 
a fraction of cells pass on to the next compartment, said fraction being dependent on the TPO 
concentration. 

113. The system of claim 103 wherein cells from MK128 compartment do not flow 
into any other compartment. 

114. The system of claim 100, wherein each of said compartments is further divided 
into sub-compartments, each of said sub-compartments containing cells of a specific age in 
hours. 

115. The system of claim 1 14 wherein cells that spend all their corresponding transit 
time in a given compartment pass on to the next compartment, wherein cells that have left a 
corresponding compartment each hour fill the first sub-compartment of the next compartment. 
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116. The 



^^^^^^^^ 

to the firs, sub-compa«ment of ^ PL compartment 



'~ ~ -id system fcrfter comprises: 

a plurality of treatment protocols; and 

on the modified system model. 



»«• A ^^P re *c,i n8 p ro ^ sionofTtaombopoiesisandamodeiof 

protocol mcluding no treatment, said system com p rismg: 

a Thrombopoiesis and a Thrombocytopenia system model; 
a PWity of treatment protoc* f or affecting ^ 
Thrombocytopenia using at least one drug; 

individual; and 

a pr^tor to predict me progression of the dtsease or the natura, b.o.ogica, process 
— - P«i,y of treatment protocols based on the mo d lfe d system mode,. 



119. The 



astern of claim , « wherein me sys,em mode, incorporates a realistic 



progress™ of cel,s involved in diseased Thrombopoisi, 
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120. The system of claim 1 19 wherein diseased Thrombopoiesis includes 

Thrombocytopenia. 



121. The system of data 1,9 wherein the system mode) incorporates effects ^ ^ 
one drug on the realistic progression of cells involved in Thrombocytopenia. 



122. The system of daim 121 wherein said a. teas, one drug is ThrombopoWn 

(TPO). 



123. The system of claim 1 19 wherein said process model imitates a course of the 
individual's bone marrow progression, periphery, p,a t e,e, counts Md TP0 concentration 

changes. 



124. The system of claim 1 19, wherein said process model incorporates cell- 
suppressive treatment effects and administration of TPO to the patient. 



125. The system of claim 124, wherein said cell-suppressive treatment is 

chemotherapy. 



■26. The system of claim 1 , 8 wherein said process model fitrther comprises a plurality 
of compartments. 
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127. The system of clam 126 w h er ,i n „ M 

erem sa,d compartments include- 
3 S,em Ce " ^ compartment that comprises bone 

nave an abHitv „ diffe re „,i ate . , !»•■*» mat 

J u ainerentiate into more than one cell u • 

- »~p r o, if e ra «ean ddifferentiat , , " - 

a colony f„ mi „ g . megata^^ ( C FU Meet 

megakaryocyte „ m „ v *' C ° mpartm ™ t . "herein the 

aryocy,e P r„ g em, 0 rs g et committed as a megaW 

multiplying and matarmg; ^ S ° me ,ime 

20 wherein the cells intheMKB CFU-Meg, 



* ; ■* 

f>:£. 
ft 

b • I 
f - 

f ! J 

c; 

|,i 25 

- r«r 

■•*? 



mature to release platelets- 



"""^'-'^^"^oproliferatehutareno, 



30 



MK16 compartment, which receives cells from the MKB 
subset of cells in the MK1 « Apartment, wherein a 

theMK16 compartment release platelets at * , ♦ 

** capacity and are disrated and 

integrated and a second subset of cells dn „„, , 

continue with endomitosis- 356 "'^ but 

' C ° mpartni ™' «- receives cells from the MK 16 m 
0^ cells in this compartmen, release platelets and ' 3 

a MK64 compartment that receives cell, fro A * 

pwieiets and a second subset nf ^n* a 
bat continue with endomitosis; " 0 ' "*•" DlaW <* 

3 MK128 °° m ~ ta -cives ce,, fr om tbi! ^ 
of ceUs in this Compaq release ^ ^ °° m ~ > ™bse, 

a Platelets (PL) compartment. 
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The system of Caim 127 wherein „ effic( of apoptosjs ^ induded w;th a 
overai, effect of ce„ prohferation in givi „ g ^ _ „ ^ ^ ^ ^ ^ 

corresponding compartment. 



■29. The system „f claira 127 wherei „ , he procMs modd &nher ^ 
effects of TPO on the SC, CFU-Meg and MKB compartments. 



TPO concent on ^ ^ ^ ^ ^ ^ ^ ^ ^ 

undergo endomotisis. 



■31. The system of Caim 130 wherein when the TPO concentration is above 
****** threshoid ieve,, the ™p,i fica « ion rate of ceUs fa ^ SQ 



are affected 



- Mow the threshed the amnion rate , ^ ^ ^ a ^ ^ ^ 

132. The system of Caim 129 wherein in the CFU-Meg compartment theceHs are 
sensitive ,„ TPO concentration regardless of the concentration of TPO. 



compartments and the transit time of the SC, CPU-Meg and MKB compartments are fhncttons of 

micro-environmental conditions. 
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134. The system of claim 133 where, in the SC compartment when the TPO 

135. The system of claim 133 wherein in the CFU-Meg and MKB, the transit time 
solely based on TPO concentration. 



is 



136. The system of claim 135 wherein a fraction of cells in the *r 

auuun oi ceils m the SC compartment that 

commits to megakaryocyte lineage is constant. 



137. The system of claim 129 wherein in the CFU-Meg and MKB compartments 
every mature cell passes on to the next compartment. 



138. The system of claim 129 wherein m the MK16, MK32 and MK64 compartments 
a Action of cells pass on to the next compartment, said fraction heing dependent on the TPO ' 

concentration. 



«». system of cIaim U9 wheKta cdis mki28 ^ ^ ^ 

into any other compartment. 



HO. The s ystem „ f claira m wherejn eac „ Qf mM companma](s . ^ ^ 
s^ mn each of said sub . compartments coMainjng cdis Qf a spKjfic ^ ^ 



hours. 
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><.. --™-^-o whereinceUsthatspmdalltteircor ^ ndjngtrmsit 

- - a gtven compartment pass on (0 _ ^ ^ ^ ^ ^ ^ 

corresponding compartmen , each ^ ffl ^ ^ ^ ^ 



compartment. 



142. The 



to the sub-compartment of the PL compartmen,. 



•43. A system for predicting progression 0 f Thrombopoiesis a„ d . mode , of 

^^^^^^^^^ 

protocols rncluding no treatment, said system comprising: 

a Thrombopoiesis and a Thrombocytopenia system model; 
a P.ura,ity of treatment protocols for affecting Thrombopoiesis and .eating 
Thrombocytopenia using at least one drug; and 

'44. The system of Cairn 143 wherein the system model incorporates a reahstic 
progression of cells involved in diseased Thrombopoiesis 



145. The system of Cairn ,44 wherein diseased Thrombopoiesis includes 
Thrombocytopenia. 



1 46. The system of claim 1 44 wherein thr 

wherein the system model incorporates effects of at least 
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one d re g in «he reah* predion of ce„s invo.ved in Thrombocytopenia 



147. The system of claim 146 wherefa ^ ^ leas( ^ ^ . Thrombopoiefa 



148. Tie system of claim m w]KKm ^ ^ ^ ^ ^ ^ 

n—s bone marrow progression , „ ^ ^ ^ ^ ^ 

changes. 



■49. The system „f claim 144 , wherejn ^ pTOess ^ ^ 
suppressive treatment effects and admmishation of TPO »o ,he patient. 



150. The system of claim 149 wherein ^iH 

<*y, wnerem said cell-suppressive treatment is 

chemotherapy. 



™e system of Cairn ,44 wherein said process mode, taher comprises . plurality 

of compartments. 



stem cell 



152. The system of claim 15, wherein said compartments include- 

a - ce„ ( SC, compartment tha, comprises hone marrow hemopoiettc probers ,ha, 
have an abiiity t0 di fferentiate int0 m0K ^ ^ ^ ^ ^ ^ ^ ^ 

compartment prohferate and differentiate into one of megakaryocyte progenitors; 

a co,o„y forming ^ . megakaryocytes (CFU-Meg) compartment, wherein the 
■negakatyocyte progenrtors ge, committed a, a megabyte h„e and spend some time 
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multiplying and maturing; 

a megakaryoblast (MKB) compartment, which 
wherein the cells in the MKB 



receives the cells from CFU-Meg, 



1 0 mature to release platelets; 



compartment have lost their ability to proliferate but 



are not 



a MK,„ compartment , wMcb KceivK cd)s ^ ^ ^ ^ 

- - ore* intheMKI6 co mpartMnt release ^ . . ^ ^ ^ ^ 

«» capaci* a^ are disfategrated ^ . ^ ^ „ f ^ ^ ^ ^ ^ ^ 

continue with endomitosis- 



15 



i '1 



3 = 



not release platelets 



U 



H20 



a MK32 compartment that receives cells from the MK" 1 f> ^ ^ 

SffommeMKl 6 compartment, wherein a subset 

of cells m this compartment release platelets and a second subset of cells do 
but continue with endomitosis; 

a MK M co mpartnKM ftat receives ceUs fom ^ compmmeM ^ ^ ^ 
of ce„s ,„ compartmenl rdease plate)as ^ a secmd subse( ^ cd|s ^ m( ^ 

but contmue with endomitosis; 

ol cells m this compartment release platelets; 
a platelets (PL) compartment. 



>». The s y s«e m of eta ,52 wherein an effec, of apo ptosis „ included ^ 
«»» effec, of ce„ pm]itemion in giving , ^ ^ ^ ^ 

corresponding compartment. 



an 



in a 



154. The system of claim 152 wherein the 



process model further incorporates the 
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effects of TPO on the SC, CFU-Meg and MKB 



compartments. 



155. The system of Cairn ,54 wherein the effects are expressed in ,erm s of effecls of 
TPO concentration on amotion rate, rate of ce,l maturation and a fraction of ceUs tha, 

undergo endomotisis. 



156. me system of claim 155 wherein when the W 0 concentration is above 
predetermined ,hresho,d ,eve,, me amphfication rate of ceiis in the SC compartment 



a 



are affected 



and below the threshold the ampliation rate 1S dependent onl y on a current n Umber of cells. 



157. The system of claim 154 wherein in the CFU-Meg compartment the cells are 
sensitive to TPO concentration regardless of the concentration of TPO. 



compartments and the transit time of the SC, CFU-Meg and MKR m 

, v.r u Meg and MKB compartments are functions of 

micro-environmental conditions. 



1 59. The system of claim 1 58 wherem in th* cn 

wnerem m the SC compartment when the TPO 



concentration is above the threshold, the transit time is shortened 



based the dose. 



.60. The system of Cairn 15S wherein in the CFU-Me g and MKB, the transit time is 
solely based on TPO concentration. 
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101. Ihe system of claim 154 wherein a fraction of cells in the SC compartment that 
commits to megakaryocytic lineage is constant. 



162. The system of claim 154 wherein in the CFU-Meg and MKB compartments, 
every mature cell passes on to the next compartment. 



163. The system of claim 154 wherein in the MK16, MK32 and MK64 compartments, 
a fraction of cells pass on to the next compartment, said fraction being dependent on the TPO 



concentration. 



164. The system of claim 154 wherein cells from MK128 compartment do not flow 
into any other compartment. 



165. The system of claim 151, wherein each of said compartments is further divided 
into sub-compartments, each of said sub-compartments containing cells of a specific age in 



hours. 



166. The system of claim 165 wherein cells that spend all their corresponding transit 
time in a given compartment pass on to the next compartment, wherein cells that have left a 
corresponding compartment each hour fill the first sub-compartment of the next compartment. 



167. The system of claim 166, wherein the platelet releasing cells contribute platelets 
to the first sub-compartment of the PL compartment. 
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1 «. A system for modelling Neutrophil lineage for an individual, said system 

25 comprising; 

a Neutrophil system model including a realistic process model for cells involved in 

Granulopoiesis; and 

a system model modtfier, wherein said Neutrophil system model is modified by the 
system model modifier based on parameters specific to the mdividnal. 



169. The system of claim 168 wherein the system model incorporates a realistic 
progression of cells involved in Granulopoietic disorders, including Neutropenia. 

170. The system of claim 169 wherein the system incorporates effects of at least one 
drug i„ the realistic progression of cells involved in Granulopoiesis and Neutropenia. 



171. The system of claim 1 70 wherein said at leas, one drug is Gra„ ul „ cyte Colony 
Stimulating Factor (G-CSF). 



172. The system of claim 171 wherein said model comprises a. least three stages, 

a first stage related to an administered amount of cytokine; 

a second stage representing a pharmacokinetic behavior of G-CSF; and 

a third stage representing a phrmacdynamic effect of G-CSF on kinetic parameters of 
5 the system. 
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■73. The system of data ,68 wherein said model eomprises a mitotic compartment, 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
wherein a M, snb-compartmen, contains ceils of age between k-1 and k hours reiative to a time 

of entry into the mitotic compartment. 



174. The system of claim 173. wherein effects of toxic drugs, including chemotherapy 
are incorporated by mapping various cell-cycle phases ,„ the sub-compartments and formulating 
a function of cytotoxic effects of toxic dmgs, including chemotherapy „„ the ceH-cyc,e phases. 

175. The system of claim 173 wherein the effects ofO-CSF on the mitotic 
compartment are mode,ed as an increase in a rate of cells entering the myeloblasts compartment 
from an uncommitted stem cell pool. 



176. The system of claim 173 wherein the post-mitotic compartment is modeled as a 
s,ng,e poo, of cells wherein ce„s in a last sub-compartment of the mitotic compartment enters 
the post-mitotic compartment and a proportion of cells within the post-mitotic compartment 

enters a Neutrophil pool every hour. 



■77. The system of claim 173 wherein effects of G-CSF on the Neutrophil lineage are 
modeled as a decrease in the cells in the post-mitotic compartment which is subsequently 
compensated by an increased production in the mitotic compartment, said compensation 
sustaining an increase in mature Neutrophil count. 
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1 78. The system of claim 1 73, wherein an elimination of Neutrophils in the post- 
mitotic compartment is represented by a Poisson distribution. 



1 79. The system of claim 1 73, wherein the cytotoxic effects of toxic drugs, including 
chemotherapy in the post-mitotic compartment is modeled as an effect on a single pool of cells. 



180. The system of claim 173, wherein kinetic of G-CSF is modeled as an exponential 
distribution. 



181. The system of claim 1 69, wherein a selection of an optimal treatment uses an 
objective function that aims at minimizing G-CSF administration and returning Neutrophil 
lineage to normal levels. 



1 82. The system of claim 181, wherein said selection is performed using linear 
programming. 



183. The system of claim 1 82, wherein phrmacokinetics and pharmacodynamics of G- 
CSF are defined using piecewise linear functions. 



1 84. The system of claim 1 68, wherein said model is used for recommending an 
optimal treatment protocol, wherein said system further comprises: 
a plurality of treatment protocols; and 

a selector to select an optimal treatment protocol from said plurality of treatment protocols based 
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5 on the modified system model. 



1 85. A system for modelling Neutrophil lineage for a general patient, said system 
comprising a Granulopoiesis system model including a realistic process model for cells involved 
in Neutrophil production. 



186. The system of claim 1 85 wherein the system model incorporates a realistic 
progression of cells involved in Granulopoiesis disorders including Neutropenia. 



187. The system of claim 186 wherein the system incorporates effects of at least one 
drug in the realistic progression of cells involved in Granulopoiesis disorders including 
Neutropenia. 



188. The system of claim 187 wherein said at least one drug is Granulocyte Colony 
Stimulating Factor (G-CSF). 



189. The system of claim 188 wherein said model comprises at least three stages, 
a first stage related to an administered amount of cytokine; 
a second stage representing a pharmacokinetic behavior of G-CSF; and 
a third stage representing a phrmacodynamic effect of G-CSF on kinetic 



parameters. 



1 90. The system of claim 1 85 wherein said model comprises a mitotic compartment, 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
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wherein a kth sub-compartment contains cells of age between k-1 and k hours relative to a time 
of entry into the mitotic compartment. 



191. The system of claim 190, wherein effects of toxic drugs, including chemotherapy 
are incorporated by mapping various cell-cycle phases to the sub-compartments and formulating 
a function of cytotoxic effects of toxic drugs, including chemotherapy on the cell-cycle phases. 



192. The system of claim 190 wherein the effects of G-CSF on the mitotic 
compartment are modeled as an increase in a rate of cells entering the myeloblasts compartment 
from an uncommitted stem cell pool. 



193. The system of claim 190 wherein the post-mitotic compartment is modeled as a 
single pool of cells wherein cells in a last sub-compartment of the mitotic compartment enters 
the post-mitotic compartment and a proportion of cells within the post-mitotic compartment 
enters a Neutrophil pool every hour. 



194. The system of claim 190 wherein effects of G-CSF on the Neutrophil lineage 
modeled as a decrease in the cells in the post-mitotic compartment which is subsequently 
compensated by an increased production in the mitotic compartment, said compensation 
sustaining an increase in Neutrophil count. 



are 



195. The system of claim 190, wherein an elimination of Neutrophils in the post- 
mitotic compartment is represented by a Poisson distribution. 
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196. The system of claim 190, wherein the cytotoxic effects of toxic drugs, including 
chemotherapy in the post-mitotic compartment is modeled as an effect on a single pool of cells. 



1 97. The system of claim 1 90, wherein kinetic of G-CSF is modeled as an exponential 

distribution. 



uses an 



198. The system of claim 186, wherein a selection of an optimal treatment 
objective function that aims at minimizing G-CSF administration and returning Neutrophil 

lineage to normal levels. 



199. The system of claim 198, wherein said selection is performed using linear 

programming. 



200. The system of claim 199, wherein phrmacokinetics and pharmacodynamics of G- 
CSF are defined using piecewise linear functions. 



201. The system of claim 185, wherein said model is used for recommending an 
optimal treatment protocol, wherein said system further comprises: 
a plurality of treatment protocols; and 

a selector to select an optimal treatment protocol from said plurality of treatment protocols based 
on the modified system model. 
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202. A system for predicting progression of Granulopoiesis for an individual under a 
plurality of treatment protocols, said plurality of protocols including no treatment, said system 
comprising: 

a Granulopoiesis system model including a realistic process model for cells involved in 
Neutrophil production; 

a plurality of treatment protocols; and 

a system model modifier, wherein said Neutrophil production system model is modified 
by the system model modifier based on parameters specific to the individual; and 

a predictor that predicts the progression under the plurality of treatment protocols based 
on the modified system model. 



203. The system of claim 202 wherein the system model incorporates a realistic 
progression of cells involved in Granulopoietic disorders, including Neutropenia. 



204. The system of claim 203 wherein the system incorporates effects of at least 
drug in the realistic progression of cells involved in Granulopoiesis and Neutropenia. 



one 



205 . The system of claim 204 wherein said at least one drug is Granulocyte Colony 
Stimulating Factor (G-CSF). 



206. The system of claim 205 wherein said model comprises at least three stages, 
a first stage related to an administered amount of cytokine; 
a second stage representing a pharmacokinetic behavior of G-CSF; and 
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a third stage representing a phrmacodynamic effect of G-CSF on kinetic 



parameters. 



207. The system of claim 202 wherein said model comprises a mitotic compartment, 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
wherein a kth sub-compartment contains cells of age between k-1 and k hours relative to a time 
of entry into the mitotic compartment. 



208. The system of claim 207, wherein effects of toxic drugs, including chemotherapy 
are incorporated by mapping various cell-cycle phases to the sub-compartments and formulating 
a function of cytotoxic effects of toxic drugs, including chemotherapy on the cell-cycle phases. 



209. The system of claim 207 wherein the effects of G-CSF on the mitotic 
compartment are modeled as an increase in a rate of cells entering the myeloblasts compartment 
from an uncommitted stem cell pool. 



as a 



210. The system of claim 207 wherein the post-mitotic compartment is modeled 
single pool of cells wherein cells in a last sub-compartment of the mitotic compartment enters 
the post-mitotic compartment and a proportion of cells within the post-mitotic compartment 
enters a Neutrophil pool every hour. 



211. The system of claim 207 wherein effects of G-CSF on the Neutrophil lineage 
modeled as a decrease in the cells in the post-mitotic compartment which is subsequently 
compensated by an increased production in the mitotic compartment, said 



are 



compensation 
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sustaining an increase in mature Neutrophil count. 



212. The system of claim 207, wherein an elimination of Neutrophil i„ fte ^ 
mitotic compartment is represented by a Poisson distribution. 



2.3. The system of Cairn 207, wherein the cytotoxic effects of toxic dn.gs, inching 
chemotherapy in the p OS ,mi,oti c compartment is modeled as an effect on a smgie poo, 



2.4. The system of Cairn 207, wherein kinetic of O-CSF is mode.ed as an exponential 

distribution. 



2.5. The system of Cairn 203, wherein a selection of an optima, treatment ^ m 
objective taction tha, aims a. minimizing G-CSF adtninistration and returning Neutrophi, 



lineage to normal levels. 



216. The system of claim 215, wherein said se.ection is perform* ^ Unear 

programming. 



217. The system of Cairn 2,6, wherein phrmacokinetics and pharmacodynamics of G- 
CSF are defined using piecewise linear functions. 



218. A system for predicting progression of Granulopoiesis for a genera, patient under 
a plurality of treatment protocols, said plurahty 0 f protocoIs mchlding m ^ ^ 
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5 



comprising: 

a Neutrophi. system model including a realistic process model for cel.s invo.ved in 

Neutrophil production; 

a plurality of treatment protocols; and 

a predictor that predicts the progression under the plurality of treatment protocol based 
on the modified system model. 



219. The system of claim 218 wherein the system mode, incorporates a realistic 
progression of cells involved in Granulopoietic disorders, inciuding Neutropenia. 



220. The system of claim 219 wherein the system incorporates effects of at least one 
drug in the realistic progression of cells involved in Granulopoiesis and Neutropenia. 

221. The system of Cairn 220 wherein said at teas, one drug is Granulocyte Colony 
Stimulating Factor (G-CSF). 



222. The system of claim 221 wherein said mode, comprises a. leas, three stages, 
a first stage related to an administered amount of cytokine; 

a second stage representing a pharmacokinetic behavior of G-CSF; and 

a third stage representing a phrmacodynamic effect of G-CSF on kinetic parameters. 

223. The system of claim 218 wherein said mode, comprises a mitotic compartment 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
wherein a kth sub-compartment contains C e„s of age between k-, and k hours relative to a time 
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entry into the mitotic compartment. 



- inco^ated By mapping various ce „ cycle ^ w ^ ftmuiating 

a ^on of cytotoxic effects of toxic ^ ^ ^ ^ ^ ^ 

225. The system of c ,a im 223 wherein the effects of G-CSF o n the m i,oSc 

compartment are modeled as an increase in a ra^ f „ 

an mcrease m a rate of cells entering the myeloblasts compartment 

from an uncommitted stem cell pool. 



226. The systen, „f claim 223 wherefa the . ^ ^ ^ 

S in 8 .e poo, of ce„s wheretn ce„s in a ,as, sub . compartnea( ^ ^ ^ 
- Amitotic consent and . proportio „ of celk wjthin ^ postmito(ic 

enters a Neutrophil pool every hour. 



227. The systen, of data 223 wherein effects of G-CSF „„ the Nentrophi, ,i„ea g e are 
modeied as a decease in the ceiis in tne ^ . 

compensated oy an mcreased ,„„ m ^ ^ ^ ^ 

sustammg an increase in mature Neutrophil count. 



228. The system of claim 223, wherem an elimination of NeutrophHs m the post- 
mitotic compartment is represented by a Poisson distribution. 
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229. The S y S t eni of claim 223 wherein th + 

' wnere "i the cytotoxic effects of • ^ 
chemotherapy in the post-,™- . ^ inc,udin S 



mitotic compartment is modeled 



^ an effect on a single pool of cells. 



230 ' ThGSyStem0fclaim 223, wherein kinetic of GCSF - „ 
;ct«k..*:._ 01 G " CSF 15 modeled 



distribution. 



as an exponential 



231. The system of claim 21 Q ^ ■ 



uses an 



233. The 



system of claim I'M ■ , 

m wherein phrmacokinetir* ™a u 

- s of G . 



234- Astern for recommending an ^ 
^ng drugs, includil chemoth, ^ CaDCer 



'erapy, for an individual, said 



a cancer systeA model- 



system comprising: 



a system model modifier »,u • . 
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protocols based An ,he modified system model . 



The s ys W, of claim m wherein ^ sys(em ^ ^ ^ 

a roatoc processVodel of cancer development and 
a reaiWc treatment^, m ^ ^ ^ ^ ^ 

chemotherapy. 



cancer with drugs, including 



236. The system of claim 235 wherein said 
of cycling cells and quiescent cells. 



process model incorporates a distribution 



•»H * tat 



, /ompartments Gi S G2 and iu o ^ 

# C c v a qmescent stage is denoted by go ' wh - -* 

four compartments\s further subdivided into <„k 

t divided mto sub-compartments and an ith sub-compartment 

representing cells of a\ P T in tu 

s of afe ! m tt e co^esponding comparimen,, wherein ce „ s 

5 compartment alwavs en A a fw u 

ays enteXa first sub-compartment of the compartment. 



238. The system of , 



tjm 237 wherein the model traces development 



using a predetermined set of nararrt^wc k , , 

pararr^ters by calculating a number of cells i 

subcompartment using stepwise 



of cancer cells 



m each 



equations. 



™-^-c,aim 2 3 8whe W aprobabilityTO , orisused 
-on of ce„s ta Ieaves my a companmmt (o _ to ^ 

subcompartment of the next compartment. 
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~~ „ f eve, sin g ,e L wherei „ ^ ^ ^ ^ 
omen, pop^o. ^ 



on age of cells, state of a 



" beh3 ™ 8 ~ — « »— - - ce, cycl e compartmen , $ 



lis 



*t» » If 1 

s -a 
fc* 3 
s . S 



Sl:fc 



•3, .,4 



242. The 



system of claim 241, w\erein in each 



compartment of each compartment of each 
previous state, parameters of tumor, tumor 



step, a number of cells in each sub- 



§Vp is calculated according to factors including 
current microenvironment and drug concentration. 



243. The 



model. 



C\M 2U - TlK Vstem of claim 243, wherein PK and pr> , » . • 

S -.anVtaeffectsonl,^,-, • ^.ceffects, cytotoxic effects, 

^ dts.ntesrat.on of anticancer ^ are illc0IpmM im ^ 



245. The 



model. 



system\f claim 244 wherein a r ■ ■ 

\ wherem a dose-l, mitag toxiojly k 



246. 



33 







comprise parameters related to tumor dynamL 



limiting host tissues. 



patient specific drug PK, and dyn 



amies of dose- 



t 3 



*5J (ft 



Li J 



247. The system of claim 246 wherein 

Paramet6rS related t0 *™r dynamics 



248\ A system for predicting the 



ompnsmg: 



a progression of cancer in individual 



patients 



a canceA system model; 

a plurality, of treatment protocols for 



t 



1' 



£ i 

■S is? 



chemotherapy; 



treating cancer using drugs, including 



a system modeJ modifier, wherein said cancer system mn. , ■ 

model modifier ba^ \ 18 m ° difled by the 

-chfier based oXparameters specific to the individual; and 

a predictor to P redi\t the progression of cancer 
based on the modified systeAmodel. 



under the plurality of treatment 



protocols 



249. The system of claim, 248 wherein th* . 

\ wiierem the system model further 

a realistic process model of 



comprises: 



cancer development; and 

a realistic treatment model that 
chemotherapy. 
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250. The system of c,a im 249 wherein said process model incoIpoMK , 
of cycling cells and quiescent cells. 




251. TL system of Cairn 249 where a tumor ce„ cyc.e is divided i„(o a, ieas, four 
»« Oik 02 and M and a q „iesce„, stage is denoted by GO, wherein each of said 
four compares fctther subdivided into sub-compartments and an i«h subs 



compartment 



5 



represent ce,.s of We in the corresponding compare™,, wherein ceHs entering a 
compartment aiways e\,er a fa, sub-compartmen, of the compartment 



252. The systeAof Cairn 2 51 wherein the mode, .races development of cancer ce„s 
usmg a predetermined set oYparameters by ca.cula.ing a number of ceUs in each 
subcompartment using stepwL equations. 



253. The system of ciL 252 wherein a probabtlity vector is used to determine 
faction of ce„s tha, ieaves any suUnpattmen, i„ a compartment to move ,„ a first 
subcompartment of the next compaitment. 



a 



254. The system of claim A where a set contro, tactions unioueiy detetmine an 
outcome of every si„g,e step, wherein saVd contro, tactions depend on age of cehs, state of a 
current population and associated enviromW 



255. The system of claim 252 whereL tumor is modelled as a combination of. 
Plurality of homogeneous group of cells, each ofL homogeneous 



group of cells representing a 
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similarly behaving groui of ce]Isdistribut 



ed between all the cell-cycl 



e compartments. 



256. The system oV claim 255 ■ ■ 

\ 255 ' Wherem m ea <* ^ep, a number of cells in e* h u 

compartment of each comparlnentnf u * SUb " 

mparteent of each group i s calcuiated a 

P-ious state, parameters of tier tumor 

' 01 C ™ and dmg concentration. 

257. The system of claim 256 where spatial structure of the t ■ 
model. ° f the ^ 1S eluded in the 



is are incorporated into the model. 



and cytostatic 



259. The 



model. 



system aVclai m 258 wherein a dose-limiting 



toxicity is incorporated into the 



260. The system of cla\ 



248 ^ "-specific .otheindMdua, 



comprise parameters related to w~ a 

elated to tumor dynanncs, patient specific dru s M w a 
limiting host tissues. \ 10 dmg?K ' Md dynamics of dose- 



261. The 



system of claim 260, wherein said 



comprise age, weight eenrW . 

s ' gender ' Percentage of limiti 



parameters related to tumor dynamics 



reaction to treatment, molecular marker, «,„ 
sP«i«cs md c^ _ 
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262. 



comprising: 



system for predicting tne . pmgression „ 



ui a general patients 



a cancer system model; 



a plurality ottreatment protocols for 
10 . , \ P ° tOCOlsfortre ^g cancer using drugs, including 

W chemotherapy; and V 



a predictor to pr\dict the progression of cane 



based on the modified 



er under the plurality of treatment 



system model. 



protocols 



263. The system orVlaim 262 wherein the 
a realistic process mode] 



system model further comprises: 



cancer development; and 
a realistic treatment model\hat models the 

chemotherapy. 



effects of treating cancer with drugs, including 



"3 
J 



quiescent cells. 



system of cl , m 263 where a ^ ^ 
r Vcompartments Gi S G2 and iu ^ • 

M ~ t — — - — ~ 2nd an ith 

5 compartment always enter a first ™h , 

njer a first sub-compartment of the compartment. 
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-.~t:r::::,irr"--~- 

\ y calcu 'aling a number of cells in each 

-bcomparhnen, usinLepwise 



fraction of cells tw i Q etermine a 

''I " V « • compartment to move t0 . fa , 

■*»^^rflta 4 constant 



2 «8- The system oLum 266 where a set control fi ,■ 

«*« of every sing , es(ep L . . ^ an 

* nglc step, Aherem satd co„ to , functions depmd 00 age 
-empop^^^^ 'cells, stateof, 



269. The system of clainW wherein » t,, m • 
*-* of homers group of I J f " " 3 " — * 

— yheha.nggroupll T~*~ > ~~~~'«>*>*~+. 

' " S ^ «« - ceM-cyde compartments. 

270 ' TheSyStem0fCto269 'V i """- 1J s,e P ,a D u m herofce U si„each h 

— of each compartment of each L „ c , culated fo * "* * 

— state, parameters of mmor, tumor A microti 3 

T ""O'oonv.ronmen, and drug concentration. 



271. The 

model. ,s "lauded in the 



system of claim 270 where ™t.'.i . 

where spanal structure of th e tumor is included h 
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<J> \ 272. ne systel olcMm „ u wherein pR ^ m cytotMic ^ ^ ^ 
qjc eff&ts of anticancer dU are incorporated into the model. 



model. 



m. Ine system l f Cain, 272 wherefa . ^ . ^ 



274. A nrethod of remanding an op,^ ^ pn)tocol &r ^ .^.^ 
comprising: 

creating a system model; 

enumerating a plurality of Uatment protocols; 

-difymg the system model based on parameters specific to the mdMdual- and 

meeting an optimal treat m en\p r ot 0 col from said plurality of treatment protocols based 
on the modified system model. 



275. The method of claim 274 iherein the 



comprises: 



step of creating the system model further 



modelling a biological process; and 

realistically modelling effects of a treaLnt on said biological process. 



276. The method of claim 275, wheremL modelling of biological 



processes is done 



^ tnathetnatica, n,ode„ mg oio.osica, processes ^ ^ ^ ^ 
— ca, ly m ode„i„ g oioiogica, process. affectinU popniationss wM, a, iea* 



disease. 
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277. Hi me thod of CIaim 2?6 wherejn ^ ^ ^ ^ 

"°" Ce " S f' *» «* ** « affected by said _ model . 



278. Tne Jpnod 27o wherein said ce „ ^ ^ ^ ^ 



is one of cancer cells, and diseased bone- 
diseased Thrompocyte cfells. 



marrow cells including diseased Neutrophil cells and 



r 



m. The n,ethod k Iaim 275 , wherefa saM _ comp ^ 
spectfic presses that affect c\ll populations. 



280. me ntethod of c,al 27 9 wherein ^ ^ ^ ^ 

.nvo,v ing at , eas , one of a ^ phamacokine(jc ^ phamiacodynamic 

cytostatic, cytotoxic, „ ntethods o\ Beaiag ^ biology ^ ^ ^ ^ ^ ' 
associated biological processes. 



28.. The ntethod of data 274 whe rem , said patters specific to the individua, 
■nclude one o r more S e,ec,ed from a w l sisting of palters reIaW ,„ ae ^ 
process' dyna^cs, pa,ie nt specific d„ g PK , P \, and dy^cs of dose-iitnitin, host ttssues 



282. The ntethod of Cain, 281 , herein said pa™ reIated to ^.^ ^ 
denies c„ mpris e ag e, W e ight , gender , ^ ^ ^ ^ ^ ( _ ^ 

Previous .action ,o „ markere , geMtic markers> ^ ^ ^ 
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cytologic specifics. 



283. The method of claim 274 wherein „«. r «, -r 

the „ , , ' USer " SP6Clfic Parameters « ^ed in selecting 

me optimal treatment. 



selection. 



2 " T V"° fCWn,284VVhereinSaidfiteSfta -»-»— satleasto, 
quality of life, cost of treVnent and pain. 



286. The method of claim 285, wherein a „«,r,. ■ 

least „ M „ mPU ' SPe ° ific COefflcieMs f <* ■* a. 

>e» one parameter to ad jus , me fitness Amotion ,„ satisfy the user, g oa*. 



user, said user bemg a medical doctor. 



33. Tne method of Cairn 283 , w he reul me user-specific parameters are hased on a 
user, said user being a scientist. 



239. The method of claim 283 , wherei „ ^ 



are based on a 
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, said user being a drug developer. 



b 



^ ^ "** 274 - of treatment protocol. 



-JC incorporate cytotoxic effects. 



incorporate drug. 



5, 3 



3 :1 



292. The method of claim 11 a • 

f . ' Whemn ° Perati0n researc * techniques are used in 

performing the selection. 



293. The method of claim 274 wherein h«,ricf 



S 

£::£> 




294. The method of claim 293 wherein ^ h„ • 
feasibili(y herem ' "* »—» comprise computationa| 

295. TheVmethod of claim 274 whprpin e*,vi 
\ h6rem S3ld reco "™endation is a combination of 

disease and treatment strategy, including types of treatment 

\ ^ ' C *' chei "otherapy, radiotherapy 

*. A Memoo^ recommending an optimal treatment protocol for a general patient 
comprising: * p 1 

creating a system mo\lel; 
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enumerating a plurality of treatment protocols; and 
5 selecting an optimal treatment 



on the modified system model. 



X IS, 
K : : 
"s : : 

P 

E 1 

I :1 
5 ; 3 



297. The ^odof c ,ai m 296 wherein the step of creatine the, , 
comprises: S * ^ m ° deI toher 

modelling a biological process; and 

m o d e, Iing effects of a ^ o „ sajd bioiogic3] pn)cKs 

J" * — 8ofbiologic , processesisdone 

oy mathematical modelling Km w i 

-.hemancally Mo.ogica, procesSK aff 

d . CIU, 8 ce " Populatass wtth at least one 



S - 



5 ^V° W Ce " S T h ° S * Ce " S ta « Effected by sai 



is 



said treatment model. 



300. TheWethod of claim 298 wherein win , n 

one of ca A mS ^ 3t ^ ° ne di -ase 

one of cancer celi and diseased bone-! 



diseased Thrompocyt\ cells. 



marrow cel,s including diseased Neutrophil cells and 



30, The methUf claim 29 7 , wherein said treatment models compnse .eatment 
specific processes that affe\t ce „ p 0 pul ationss . 
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302. TrL me( h„d of Caim 30, wherern said treatment specific process is inactions 
living 0 „e „ f . Woup comprising pharmaceutic, pharmacodynamiC; ^ ^ 
■ an y other method^ affecting cell bl o logy and ca„si„ g ce„ death, with associated hioiogica, ' 



processes. 



303. The method of claim 296 wherein n««- 

*o, wnerem user-specific parameters are used in selecting 

the optimal treatment. 



* .'IT 1 



304. The method of claim 303 wherein a fitness fcnction is used ,„ perform the 

selection. 



305 ' ^ 4™> of claim 304 wherein said fitness taction incorporates a, ieast 



one 



j j^J Pa^meter sCected fromV group pafat ^ ^ (o ^ ^ ^ ^ 

- specified disease stag e (inkding cure,, tumor ,oad, pathogen foad, cytotoxicity, side effects, 
quality of life, cost of treatment and 



• 



P ^ ~ A uuaL U1 trearn^ent and pain. 



306. The memod of Caim 305, wherein a user can i„ pnt specific coefficients for sa,d a, 
1=« one parameter to adjust the fitness function to satisfy (he user's goai, 

307. The method of Caim 303, wherein the user-specific parameters are based on a 
user, said user being a medical doctor. 
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308. The method of claim 303 wherein th* 



309. The meihod of claim 303, wherein rhe user S „„,T 

me user-specific parameters ar p k j 
—.-d user being a drug deve,oper. ^ " * 




incorporate cytotoxic effects. 



Q 



r 



5 * 



x. , J; 



3 "' Them r° f *™^ wherein saidseIec(ionoftreatm 

incorporate drug efficacV. 



ent protocols 



11,6 meth ° d ° f d ™ 2!l «. ^ein „pe rati0 „ researchteh . 
Performing the selection. ^ " " i ta 



4 J 



313> The method of claim 296, 
selection. 



wherein heuristics 



are used to perform searching and 



(b \ m cluding types of treatment P a ^ 

V surgery, in^hel e«c device d ' ^ 

^ ■ ' Ce ' ^ ° r ^ — »d .reahnen, schedu,e. 
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15 



3 . * ^nethod of predicting progression „ f a biologlcal process m a myidmi 
^^^^^^^^^ 

comprising: 

creating a system model; 

enumerating a Lality of treatment protocols; and 
modifying the S yL m modeJ based ^ paramgters specific ^ ^ indivi ^ 

on the modified system model. 



comprises: 



_ 3». The method of L. 3, 6 wherein to step of ^ a sys(em ^ 



realistically modelling a bkogical 



process; and 



modeling the ek, of ^ ^ m ^ Moiogica) 



3.3. The method ofc.ain, 3 17 V herein said step of mode, ling . ^ 
compnses creating a mathematical model fo\biological 
populations and creating a biological 

disease. 



process 

processes affecting healthy cell 
processes Mfecting cell populations with at least 



one 



3.9. 7* method of Cairn 3,3 wherein said hea,,h y ce,l po puIati „„ s incIude _ 
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^ 320. The rjethod of data 3,8 wherein said ceil populations wift a , leaa one ^ 



one of cancer cells, Wid diseased bone- 



diseased Thrombocyte cfclls. 



marrow cells including diseased Neutrophil cells and 



321. The metholf claim 317, wherein sa ld treatment models comprise treatment 
specific processes that affectVell populationss. 



322. The method of clL 321 wherein said treatment specific process 1S interactions 
mvolvmg one of a group compri^g PK, PD, drug cytostatics, drug cytotoxics, or any other 
method of affecting cell biology 



ana causing cell death, with associated biological 



processes. 



323. The method of claim 3lUerein, said parameters specific ,„ the individual 
inciude one or more selected from a ^consisting of parameters related ,„ the biological 
process' dynamics, patien, specific drug P^> D mi dynamics of dose , imitjng ^ ^ 

324. The method of Cairn 323, wherein said parameters related to biological p^cess 
Cannes comprise age, weight, gend e r , blooi picture> desired ^ rf ^ ^ 

previous reaction ,„ treatment, mo.ecularmarte, genetic marker,, pathologic specifics and 
cytologic specifics. 




325. A method predicting progression of a biological process in a genera, patien, 
7* a plurality of treatr„en\pro,oc„,s, wherein said biological process could be re,a,ed to 
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5 



healthy or diseaW said plurality „f protocols including „„ ^ ^ ^ 

creating aWstem model; 

enumerating plurality of treatment protocols; and 

selecting an olimal treatment protocol from said plurality of treatment protocols based 
on the modified systenimodel. 



V* 



■si- s 



? 3 



326. The metho^of claim 325 wherein the step of creating a system model further 

comprises: 

realistically modellinia biological process; and 
realistically modelling \e and the effects of the treatment on said biological process. 

327. The method of claim 326, wherein said step of modelling a biological process 
comprises creating a mathematical model for biological processes affecting heahhy cell 

populations and creating a bio.ogical processes affecting cell populations with a, least one 

disease, 



328. The method of claim 327 wherein said healthy cell populations include bone- 
marrow cells and host tissue cells that are affected by said treatment model. 



su (? \ 3M ' ™P*>* ° f <*>™ said cell populations with a, least one disease is 

V ok ofcancer cells, L dtseased bone-marrow ceUs including at leas, one of diseased Neutrophi! 
^ 4lls and diseased Thrombocyte cells. 
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330. Tie method of data 326, wherein said treatment models comprise treatment 
specific processes that affect cell populations. 




331. The „U 0 d of claim 330 wherein said treatment specific process is interactions 
giving one of a groin comprising PK, PD cytostatic, cytotoxic, and methods of affecting eel, 
otology and causing ^rtoalh, with associated biologtcal processes. 



332. A method for modelling Thrombose lineage in an individual, said method 

comprising: 

rcalisticaUy modelling a process to create a process model for cetls invoked in 

Thrombopoiesis; and 

modifying the process model based on parameters specific to the individual. 



333. The method of claim 332 wherein a realistic progression of cells involved 
indiseased Thrombopoiesis is incorporated in the 



process model. 



334. The method of claim 333 wherein diseased Thrombopoiesis includes 

Thrombocytopenia. 



335. The method of claim 333 wherein effect, of at ,eas« one dnrg in the realistic 
progression of cells involved in Thrombopoiesis is incorporated. 



336. The method of claim 335 wherein said a, leas, one d™ g is Thrombopoictin (TPO). 
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337. The method of claim 333 wherein said process model imitates a course of the 
individual's bone marrow progression, peripheral platelet counts and TPO concentration 

changes. 



338. The method of claim 333, wherein said process model incorporates cell- 
suppressive treatment effects and administration of TPO to the patient. 



339. The method of claim 338, wherein said cell- 
chemotherapy. 



suppressive treatment is 



340. The method of claim 333, wherein said method is used for recommending an 
optimum treatment protocol, and wherein said method further comprises: 
enumerating a plurality of treatment protocols; and 

selecting an optimal treatment protocol from said plurality of treatment protocols based on the 
modified system model. 



341 . A method for modelling Thrombopietic lineage 
comprising: 



in a general patient, said method 



realistically modelling a process to create a process model for cells involved in 
Thrombopoiesis. 



342. The method of claim 34 1 wherein a realistic 



progression of cells involved 
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indiseased throbmopoiesis is incorporated in the 



process model. 



343. The method of claim 342 wherein diseased Thrombopoiesis i 

Thrombocytopenia. 



includes 



344. The method of claim 342 wherein effects of at least 



progression of cells involved in Thrombopoiesis 



one drug in the realistic 



is incorporated. 



S::4 



345. The method of claim m where . n ^ a( ieas( me ^ , s ThrombopoWn 



34o. The method of c lai m 342 wherein said process mode, imitates a course of the 
mdmdual's bone marrow progression, peripheral platelet 

changes. 



counts and TPO concentration 



347. The method of claim 342, wherein said process model incorporates cell- 
suppressive treatment effects and administration of TPO to the patient. 



348. The method of claim 347, wherein said ceU-suppressive treatment i 

chemotherapy. 



349. The method of claim 342, wherein said method is used for recommending 
optimum treatment protocol, and wherein said method fcrther comprises: 
enumerating a plurality of treatment protocols- and 



an 
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selecting an optimal treatment protocol from said plurality of treatment protocols based on the 
5 modified system model. 



5 



350. A method for predicting progression of Thrombopoiesis and Thrombocytopenia 
for an individual under a plurality of treatment protocols, said plurality of protocols including no 
treatment, said method comprising: 

creating a realistic model of Thrombopoiesis and Thrombocytopenia; 

generating a plurality of treatment protocols for affecting Thrombopoiesis and 
treatingThrombocytopema using at least one drug; 

modifying the model based on parameters specific to the individual; and 

predicting the progression of the disease or the natural biological process under said 
plurality of treatment protocols based on the modified system model. 



351. The method of claim 350 wherein the model incorporates a realistic progression 
of cells involved indiseased Thrombopoiesis. 



352. The method of claim 351 wherein diseased Thrombopoiesis includes 
Thrombocytopenia. 



353. The method of claim 351 wherein the model incorporates effects of at least one 
drug in the realistic progression of cells involved in Thrombocytopenia. 



354. The method of claim 353 wherein said at least one drug is Thrombopoietin (TPO). 
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355. The method of claim 35 1 wherein the model imitates a course of the individual's 
bone marrow progression, peripheral platelet counts and TPO concentration changes. 



356. The method of claim 351, wherein the model incorporates cell-suppressive 
treatment effects and administration of TPO to the patient. 



357. The method of claim 356, wherein said cell-suppressive treatment is 
chemotherapy. 



358. The method of claim 3 5 1 wherein said process model further comprises a 
plurality of compartments. 



359. The method of claim 358 wherein said compartments include: 

a stem cell (SC) compartment that comprises bone marrow hemopoietic progenitors that 

have an ability to differentiate into more than one cell line wherein cells in the stem cell 

compartment proliferate and differentiate into one of megakaryocyte progenitors; 

a colony forming units - megakaryocytes (CFU-Meg) compartment, wherein the 

megakaryocyte progenitors get committed as a megakaryocyte line and spend some time 

multiplying and maturing; 

a megakaryoblast (MKB) compartment, which receives the cells from CFU-Meg, 
wherein the cells in the MKB compartment have lost their ability to proliferate but are not 
mature to release platelets; 
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a MK16 compartment, which receives cells from the MKB compartment, wherein a 
subset of ceUs in the MK.6 compartment release platelets a, a constant rate until they exhaust 
their capacity and are disintegrated and a second subset of cells do no, release platelets bu, 

continue with endomitosis; 

a MK32 compartment mat receives cells from the MK16 compartment, wherein a subset 
of cells in this compartment release platelets and a second subset of cells do no. release platelets 

but continue with endomitosis; 

a MK64 compartment that receives cells from the MK32 compartment wherein a subset 
of cells in mis compartment release platelets and a second subset of cells do no. re!ease p.atelets 

20 but continue with endomitosis; 

a MK128 compartment that receives cells from the MK64 compartment wherein a subset 
of cells in this compartment release platelets; 
a platelets (PL) compartment. 



360. The method of claim 359 wherein an effect of apoptosis are included with an 
overall effect of cell proliferation in giving rise to an amplification of cell numbers in a 

corresponding compartment. 



361. The method of claim 359 wherein the model further incorporates the effects of 
TPO on the SC, CFU-Meg and MKB compartments. 



362. The method of claim 361 wherein the effects are expressed in terms of effects of 
TPO concentration on amplification rate, rate of cell maturation and a fraction of cells that 
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undergo endomotisis. 



363. The method of claim 362 wherein when the TPO concentration is above a 
predetermined threshold level, the amplification rate of cells in the SC compartment are affected 
and below the threshold the amplification rate is dependent only on a current number of cells. 



364. The method of claim 361 wherein in the CFU-Meg compartment the cells are 
sensitive to TPO concentration regardless of the concentration of TPO. 



365. The method of claim 361, wherein the transit time is same in all platelet releasing 
compartments and the transit time of the SC, CFU-Meg and MKB compartments are functions of 
micro-environmental conditions. 



366. The method of claim 365 wherein in the SC compartment when the TPO 
concentration is above the threshold, the transit time is shortened based the dose. 



367. The method of claim 365 wherein in the CFU-Meg and MKB, the transit time is 
solely based on TPO concentration. 



368. The method of claim 361 wherein a fraction of cells in the SC compartment that 
commits to megakaryocytic lineage is constant. 



369. The method of claim 36 1 wherein in the CFU-Meg and MKB compartments, 
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every mature cell passes on to the next compartment. 



370. The method of claim 361 wherein in the MK16, MK32 and MK64 compartments, 
a fraction of cells pass on to the next compartment, said fraction being dependent on the TPO 
concentration. 



371 . The method of claim 361 wherein cells from MK128 compartment do not flow 
into any other compartment. 



372. The method of claim 358, wherein each of said compartments is further divided 
into sub-compartments, each of said sub-compartments containing cells of a specific age ii 
hours. 



in 



373. The method of claim 372 wherein cells that spend all their corresponding transit 



time in a given compartment pass on to the next compartment, wherein cells that have left 



a 



corresponding compartment each hour fill the first sub-compartment of the next compartment. 



374. The method of claim 373, wherein the platelet releasing cells contribute platelets 
to the first sub-compartment of the PL compartment. 



375. A method for predicting progression of Thrombopoiesis and Thrombocytopenia 
for a general patient under a plurality of treatment protocols, said plurality of protocols including 
no treatment, said method comprising: 
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creating a realistic model Thrombopoiesis andThrombocytopenia; 

generating a plurality of treatment protocols for affecting Thrombopoiesis and 
treatingThrombocytopenia using at least one drug; and 

predicting the progression of the disease or the natural biological process under said 
plurality of treatment protocols based on the modified system model. 



376. The method of claim 375 wherein the model incorporates a realistic progression 
of cells involved indiseased Thrombopoiesis. 



377. The method of claim 376 wherein diseased Thrombopoiesis includes 
Thrombocytopenia. 



378. The method of claim 376 wherein the model incorporates effects of at least 
drug in the realistic progression of cells involved in Thrombocytopenia. 



one 



379. The method of claim 378 wherein said at least one drug is Thrombopoietin (TPO). 



380. The method of claim 376 wherein the model imitates a course of the individual's 



bone marrow progression, peripheral platelet counts and TPO concentration chan 



ges. 



381. The method of claim 376, wherein the model incorporates cell-suppressive 
treatment effects and administration of TPO to the patient. 
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382. The method of claim 381, wherein said cell-suppressive treatment i 
chemotherapy. 



383. The method of claim 376 wherein said process model further comprises 
plurality of compartments. 



384. The method of claim 383 wherein said compartments include: 

a stem cell (SC) compartment that comprises bone marrow hemopoietic progenitors that 

have an ability to differentiate into more than one cell line wherein cells in the stem cell 

compartment proliferate and differentiate into one of megakaryocyte progenitors; 

a colony forming units - megakaryocytes (CFU-Meg) compartment, wherein the 

megakaryocyte progenitors get committed as a megakaryocyte line and spend some time 

multiplying and maturing; 

a megakaryoblast (MKB) compartment, which receives the cells from CFU-Meg, 
wherein the cells in the MKB compartment have lost their ability to proliferate but are not 
mature to release platelets; 

a MK16 compartment, which receives cells from the MKB compartment, wherein a 
subset of cells in the MK16 compartment release platelets at a constant rate until they exhaust 
their capacity and are disintegrated and a second subset of cells do not release platelets but 
continue with endomitosis; 

a MK32 compartment that receives cells from the MK16 compartment, wherein a subset 
of cells in this compartment release platelets and a second subset of cells do not release platelets 
but continue with endomitosis; 
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a MK64 compartment that receives cells from the MK32 compartment wherein a subset 
of cells in this compartment release platelets and a second subset of cells do not release platelets 
20 but continue with endomitosis; 



a MK128 compartment that receives cells from the MK64 
of cells in this compartment release platelets; 
a platelets (PL) compartment. 



compartment wherein a subset 



385. The method of claim 384 wherein an effect of apoptosis are included with an 
overall effect of cell proliferation in giving rise to an amplification of cell numbers in a 
corresponding compartment. 



386. The method of claim 384 wherein the model further 
TPO on the SC, CFU-Meg and MKB compartments. 



incorporates the effects of 



387. The method of claim 386 wherein the effects are expressed in terms of effects of 
TPO concentration on amplification rate, rate of cell maturation and a fraction of cells that 
undergo endomotisis. 



388. The method of claim 387 wherein when the TPO concentration is above a 
predetermined threshold level, the amplification rate of cells in the SC compartment are affected 
and below the threshold the amplification rate is dependent only on a current number of cells. 



389. The method of claim 386 wherein in the CFU-Meg compartment the cells are 
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sensitive to TPO concentration regardless of the concentration of TPO. 

390. The method of claim 386, wherein the transit time is same in all platelet releasing 
compartments and the transit time of the SC, CFU-Meg and MKB compartments are functions of 
micro-environmental conditions. 

391. The method of claim 390 wherein in the SC compartment when the TPO 
concentration is above the threshold, the transit time is shortened based the dose. 

392. The method of claim 390 wherein in the CFU-Meg and MKB, the transit time is 
solely based on TPO concentration. 

393. The method of claim 386 wherein a fraction of cells in the SC compartment that 
commits to megakaryocyte lineage is constant. 

394. The method of claim 386 wherein in the CFU-Meg and MKB compartments, 
every mature cell passes on to the next compartment. 

395. The method of claim 386 wherein in the MK16, MK32 and MK64 compartments, 
a fraction of cells pass on to the next compartment, said fraction being dependent on the TPO 
concentration. 



396. The method of claim 386 wherein cells from MK128 compartment do not flow 
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into any other compartment. 



397. The method of claim 383, wherein each of said compartments is further divided 
into sub-compartments, each of said sub-compartments containing cells of a specific 

hours. 



age in 



398. The method of claim 397 wherein cells that spend all their corresponding transit 
time in a given compartment pass on to the next compartment, wherein cells that have left a 
corresponding compartment each hour fill the first sub-compartment of the 



next compartment. 



399. The method of claim 398, wherein the platelet releasing cells contribute platelets 
to the first sub-compartment of the PL compartment. 



400. A method for modelling Neutrophil lineage for an individual, said method 

comprising: 

creating a realistic a Neutrophil system model including a realistic process model for 
cells involved in Neutrophil lineage; and 

modifying the system model based on parameters specific to the individual. 



401. The method of claim 400 wherein the system model incorporates a realistic 
progression of cells involved in Granulopoietic disorders, including Neutropenia. 



402. The method of claim 40 1 wherein the system model 



incorporates effects of at 
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least one drug in the realistic progression of cells involved in Granulopoiesis and Neutropenia. 

403. The method of claim 402 wherein said at least one drug is Granulocyte Colony 
Stimulating Factor (G-CSF). 

404. The method of claim 403 wherein said system model comprises at least three 

stages, 

a first stage related to an administered amount of cytokine; 
a second stage representing a pharmacokinetic behavior of G-CSF; and 
a third stage representing a phrmacodynamic effect of G-CSF on kinetic parameters of 
the system. 

405. The method of claim 400 wherein said model comprises a mitotic compartment, 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
wherein a kth sub-compartment contains cells of age between k-1 and k hours relative to a time 
of entry into the mitotic compartment. 

406. The method of claim 405, wherein effects of toxic drugs, including chemotherapy 
are incorporated by mapping various cell-cycle phases to the sub-compartments and formulating 
a function of cytotoxic effects of toxic drugs, including chemotherapy on the cell-cycle phases. 

407. The method of claim 405 wherein the effects of G-CSF on the mitotic 
compartment are modeled as an increase in a rate of cells entering the myeloblasts compartment 
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from an uncommitted stem cell pool. 



as a 



408. The method of claim 405 wherein the post-mitotic compartment is modeled 
single pool of cells wherein cells in a last sub-compartment of the mitotic compartment enters 
the post-mitotic compartment and a proportion of cells within the post-mitotic compartment 
enters a Neutrophil pool every hour. 



409. The method of claim 405 wherein effects of G-CSF on the Neutrophil lineage 
modeled as a decrease in the cells in the post-mitotic compartment which is subsequently 
compensated by an increased production in the mitotic compartment, said compensation 
sustaining an increase in mature Neutrophil count. 



are 



4 1 0. The method of claim 405, wherein an elimination of Neutrophils in the post- 
mitotic compartment is represented by a Poisson distribution. 



41 1 . The method of claim 405, wherein the cytotoxic effects of toxic drugs, including 
chemotherapy in the post-mitotic compartment is modeled as an effect on a single pool of cells. 



412. The method of claim 405, wherein kinetic of G-CSF is modeled as an exponential 
distribution. 



uses an 



413. The method of claim 40 1 , wherein a selection of an optimal treatment 
objective function that aims at minimizing G-CSF administration and returning Neutrophil 
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lineage to normal levels. 



414. The method of claim 413, wherein said selection is performed using linear 
programming. 

415. The method of claim 4 1 4, wherein phrmacokinetics and pharmacodynamics of G- 
CSF are defined using piecewise linear functions. 

416. The method of claim 400, wherein said method is used for recommending an 
optimum treatment protocol, and wherein said method further comprises: 

enumerating a plurality of treatment protocols; and 

selecting an optimal treatment protocol from said plurality of treatment protocols based on the 
modified system model. 

417. A method for modelling Neutrophil lineage for a general patient, said method 
comprising: 

creating a realistic a Granulopoiesis system model including a realistic process model for 
cells involved in Granulopoiesis lineage. 

418. The method of claim 417 wherein the system model incorporates a realistic 
progression of cells involved in Granulopoietic disorders, including Neutropenia. 



419. The method of claim 418 wherein the system model incorporates effects of at 
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least one drug in the realistic progression of cells involved Granulopoiesis and in Neutropenia. 



420. The method of claim 419 wherein said at least one drug is Granulocyte Colony 
Stimulating Factor (G-CSF). 



421. The method of claim 420 wherein said system model comprises at least three 

stages, 

a first stage related to an administered amount of cytokine; 

a second stage representing a pharmacokinetic behavior of G-CSF; and 



a third stage representing a phrmacodynamic effect of G-CSF on kinetic 



parameters. 



422. The method of claim 417 wherein said model comprises a mitotic compartment, 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
wherein a kth sub-compartment contains cells of age between k-1 and k hours relative to a time 
of entry into the mitotic compartment. 



423. The method of claim 422, wherein effects of toxic drugs, including chemotherapy 
are incorporated by mapping various cell-cycle phases to the sub-compartments and formulating 
a function of cytotoxic effects of toxic drugs, including chemotherapy on the cell-cycle phases. 



424. The method of claim 422 wherein the effects of G-CSF on the mitotic 
compartment are modeled as an increase in a rate of cells entering the myeloblasts compartment 
from an uncommitted stem cell pool. 
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425. The method of claim 422 wherein the post-mitotic compartment is modeled as a 
single pool of cells wherein cells in a last sub-compartment of the mitotic compartment enters 
the post-mitotic compartment and a proportion of cells within the post-mitotic compartment 
enters a Neutrophil pool every hour. 



426. The method of claim 422 wherein effects of G-CSF on the Neutrophil lineaj 
modeled as a decrease in the cells in the post-mitotic compartment which is subsequently 
compensated by an increased production in the mitotic compartment, said compensation 
sustaining an increase in mature Neutrophil count. 

427. The method of claim 422, wherein an elimination of Neutrophils in the post- 
mitotic compartment is represented by a Poisson distribution. 



428 . The method of claim 422, wherein the cytotoxic effects of toxic drugs, including 
chemotherapy in the post-mitotic compartment is modeled as an effect on a single pool of cells. 

429. The method of claim 422 wherein kinetic of G-CSF is modeled as an exponential 
distribution. 



430. The method of claim 418, wherein a selection of an optimal treatment uses an 
objective function that aims at minimizing G-CSF administration and returning Neutrophil 
lineage to normal levels. 
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43 1 . The method of claim 430, wherein said selection is performed using linear 
programming. 



432 . The method of claim 43 1 , wherein phrmacokinetics and pharmacodynamics of G- 
CSF are defined using piecewise linear functions. 

43 3 . The method of claim 4 1 7 wherein said method is used for recommending an 
optimum treatment protocol, and wherein said method further comprises: 
enumerating a plurality of treatment protocols; and 

selecting an optimal treatment protocol from said plurality of treatment protocols based on the 
modified system model. 

434. A method for predicting progression of Granulopoiesis for an individual under a 
plurality of treatment protocols, said plurality of protocols including no treatment, said system 
comprising: 

creating a Neutrophil system model including a realistic process model for cells involved 
in Neutrophil production; 

generating a plurality of treatment protocols; and 

modifying the system model modifier, wherein said Neutrophil system model is modified 
by the system model modifier based on parameters specific to the individual; and 

predicting the progression under the plurality of treatment protocols based on the 
modified system model. 
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435. The method of claim 434 wherein the system model incorporates a realistic 
progression of cells involved in Granulopoietic disorders, including Neutropenia. 



436. The method of claim 435 wherein the system incorporates effects of at least 
drug in the realistic progression of cells involved in Granulopoiesis and Neutropenia. 



one 



437. The system of claim 436 wherein said at least one drug is Granulocyte Colony 
Stimulating Factor (G-CSF). 



438. The method of claim 437 wherein said model comprises at least three stages, 
a first stage related to an administered amount of cytokine; 
a second stage representing a pharmacokinetic behavior of G-CSF; and 
a third stage representing a phrmacodynamic effect of G-CSF on kinetic 



parameters. 



439. The method of claim 434 wherein said model comprises a mitotic compartment, 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
wherein a kth sub-compartment contains cells of age between k-1 and k hours relative to a time 
of entry into the mitotic compartment. 



440. The method of claim 439, wherein effects of toxic drugs, including chemotherapy 
are incorporated by mapping various cell-cycle phases to the sub-compartments and formulating 
a function of cytotoxic effects of toxic drugs, including chemotherapy on the cell-cycle ph 



ases. 
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441 . The method of claim 439 wherein the effects of G-CSF on the mitotic 
compartment are modeled as an increase in a rate of cells entering the myeloblasts compartment 
from an uncommitted stem cell pool. 

442. The method of claim 439 wherein the post-mitotic compartment is modeled as a 
single pool of cells wherein cells in a last sub-compartment of the mitotic compartment enters 
the post-mitotic compartment and a proportion of cells within the post-mitotic compartment 
enters a Neutrophil pool every hour. 



443 . The method of claim 439 wherein effects of G-CSF on the Neutrophil lineage ai 
modeled as a decrease in the cells in the post-mitotic compartment which is subsequently 
compensated by an increased production in the mitotic compartment, said compensation 
sustaining an increase in mature Neutrophil count. 

444. The method of claim 439, wherein an elimination of Neutrophils in the post- 
mitotic compartment is represented by a Poisson distribution. 

445. The method of claim 439, wherein the cytotoxic effects of toxic drugs, including 
chemotherapy in the post-mitotic compartment is modeled as an effect on a single pool of cells. 



446. 
distribution. 



The method of claim 439, wherein kinetic of G-CSF is modeled as an exponential 
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447. The method of claim 43 5, wherein a selection of an optimal treatment uses an 
objective function that aims at minimizing G-CSF administration and returning Neutrophil 
lineage to normal levels. 

448. The method of claim 447, wherein said selection is performed using linear 
programming. 

449. The method of claim 448, wherein phrmacokinetics and pharmacodynamics of G- 
CSF are defined using piecewise linear functions. 

450. A method for predicting progression of Granulopoiesis for a general patient under 
a plurality of treatment protocols, said plurality of protocols including no treatment, said system 
comprising: 

creating a Neutrophil system model including a realistic process model for cells involved 
in Neutrophil production; 

generating a plurality of treatment protocols; and 

predicting the progression under the plurality of treatment protocols based on the 
modified system model. 

451. The method of claim 450 wherein the system model incorporates a realistic 
progression of cells involved in Granulopoietic disorders, including Neutropenia. 
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452. The method of claim 451 wherein the system incorporates effects of at least one 
drug in the realistic progression of cells involved in Granulopoiesis and Neutropenia. 

453. The system of claim 452 wherein said at least one drug is Granulocyte Colony 
Stimulating Factor (G-CSF). 

454. The method of claim 453 wherein said model comprises at least three stages, 
a first stage related to an administered amount of cytokine; 

a second stage representing a pharmacokinetic behavior of G-CSF; and 

a third stage representing a phrmacodynamic effect of G-CSF on kinetic parameters. 

455. The method of claim 450 wherein said model comprises a mitotic compartment, 
and a post mitotic compartment, said mitotic compartment being divided into subcompartments 
wherein a kth sub-compartment contains cells of age between k-1 and k hours relative to a time 
of entry into the mitotic compartment. 

456. The method of claim 455, wherein effects of toxic drugs, including chemotherapy 
are incorporated by mapping various cell-cycle phases to the sub-compartments and formulating 
a function of cytotoxic effects of toxic drugs, including chemotherapy on the cell-cycle phases. 

457. The method of claim 455 wherein the effects of G-CSF on the mitotic 
compartment are modeled as an increase in a rate of cells entering the myeloblasts compartment 
from an uncommitted stem cell pool. 
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458. The method of claim 455 wherein the post-mitotic compartment is modeled as a 
single pool of cells wherein cells in a last sub-compartment of the mitotic compartment enters 
the post-mitotic compartment and a proportion of cells within the post-mitotic compartment 
enters a Neutrophil pool every hour. 



459. The method of claim 455 wherein effects of G-CSF on the Neutrophil lineage are 
modeled as a decrease in the cells in the post-mitotic compartment which is subsequently 
compensated by an increased production in the mitotic compartment, said compensation 
sustaining an increase in mature Neutrophil count. 



460. The method of claim 455, wherein an elimination of Neutrophils in the post- 
mitotic compartment is represented by a Poisson distribution. 



461. The method of claim 455, wherein the cytotoxic effects of toxic drugs, including 
chemotherapy in the post-mitotic compartment is modeled as an effect on a single pool of cells. 



462. The method of claim 455, wherein kinetic of G-CSF is modeled as an exponential 
distribution. 



463. The method of claim 451, wherein a selection of an optimal treatment uses an 
objective function that aims at minimizing G-CSF administration and returning Neutrophil 
lineage to normal levels. 



237 



464. The method of claim 463, wherein said selection is performed using linear 

programming. 



465. The method of claim 464, wherein phrmacokinetics and pharmacodynamics of G- 
CSF are defined using piecewise linear functions. 




466. \ A method for recommending an optimal treatment protocol for treating cancer 
ing drugs , including chemotherapy, for an individual, said method comprising: 
creating b cancer system model; 



enumerati 



ig a plurality of treatment protocols for treating cancer using drugs, including 



chemotherapy; 



modifying the system model based on parameters specific to the individual; and 
selecting an iptimal treatment protocol from said plurality of treatment protocols based 
on the modified system model. 



467. The methVd of claim 466 wherein the system model further 
a realistic process Aiodel of cancer development; and 



comprises: 



a realistic treatment J^odel that models the effects of treating cancer with drugs, including 

chemotherapy. 



468. The method of claim 467 wherein said process model incorporates a distribution 
of cycling cells and quiescent cells. 
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469. The method of claim 467 where a tumor cell cycle is divided into at least four 
compartments Gl, S, G2 and M and a quiescent stage is denoted by GO, wherein each of said 
four compartments is further subdivided into sub-compartments and an ith sub-compartment 
representing cells of age I in the corresponding compartment, wherein cells entering a 
compartment always enter a first sub-compartment of the compartment. 

470. The method of claim 469 wherein the model traces development of cancer cells 
using a predetermined set of parameters by calculating a number of cells in each 
subcompartment using stepwise equations. 



471 . The method of claim 470 wherein a probability vector is used to determine a 
fraction of cells that leaves any subcompartment in a compartment to move to a first 
subcompartment of the next compartment. 



472. Thetoethod of claim 470 where a set control functions uniquely determine an 
outcome of every single step, wherein said control functions depend on age of cells, state of a 
'current population and associated environment. 



473. The method of claim 470 wherein a tumor is modelled as a combination of a 
plurality of homogeneous grouV of cells, each of said homogeneous group of cells representing a 
similarly behaving group of cells distributed between all the cell-cycle compartments. 
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474. The method of claim 473, wherein in each step, a number of cells in each sub- 
compartment of each compartment of each group is calculated according to factors including a 
previous state, parameters of tumor, tumor current microenvironment and drug concentration. 



475. The method of claim 474 where spatial structure of the tumor is included in the 



model. 



^VJl^ \ ^ C l X^ 10( ^ °^ wherein PK and PD, cytotoxic effects,cytostatic effects 

other effects on c\ll disintegration of anticancer drugs are incorporated into the model. 
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477. The method of claim 476 wherein a dose-limiting toxicity is incorporated into the 



model. 



□ r * ^ e met h°d °^ °l a i m 466 wherein, said parameters specific to the individual 

y ^| cpffiprise parameters related to tumor dynamics, patient specific drug PK, and dynamics of dose- 
limiting host tissiies. 



479. The method of claim 478, wherein said parameters related to tumor dynamics 
comprise age, weight, gender, percentage of limiting healthy cells, desired length of treatment 
protocol, previous reaction to treatment, molecular markers, genetic markers, pathologic 
specifics and cytologic specifics. 



480. A method of predicting a progression of cancer in an individual, said method 
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comprising: 

creating a cancer system model; 

enumerating a plurality of treatment protocols for treating cancer using drugs, including 
chemotherapy\ 

modifying the system model based on parameters specific to the individual; and 
selecting an optimal treatment protocol from said plurality of treatment protocols based 
on the modified system mtodel. 

481 . The method of claim 480 wherein the system model further comprises: 
a realistic process model of cqncer development; and 

a realistic treatment model that models the effects of treating cancer with drugs, including 
chemotherapy. 

482. The method of claim 481 wherein said process model incorporates a distribution 
of cycling cells and quiescent cells. 

483. The method of claim 481 where a tumor cell cycle is divided into at least four 
compartments Gl, S, G2 and M and a quiescent stage is denoted by GO, wherein each of said 
four compartments is further subdivided into sub-compartments and an ith sub-compartment 
representing cells of age I in the corresponding compartment, wherein cells entering a 
compartment always enter a first sub-compartment of the compartment. 



484. The method of claim 483 wherein the model traces development of cancer cells 
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using a predetermined set of parameters by calculating a number of cells in each 
subcompartment using stepwise equations. 



485. The method of claim 484 wherein a probability vector is used to determine a 
fraction of cells that leaves any subcompartment in a compartment to move to a first 
subcompartment of the next compartment. 
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486. Tttie method of claim 484 where a set control functions uniquely determine an 
tcome of every\ingle step, wherein said control functions depend on age of cells, state of a 
current population and associated environment. 



C3 487. The method of claim 484 wherein a tumor is modelled as a combination of a 



plurality of homogeneous group of cells, each of said homogeneous group of cells representing a 
similarly behaving group of cells distributed between all the cell-cycle compartments. 



488. The method of claim 487, wherein in each step, a number of cells in each sub- 
compartment of each compartment of each group is calculated according to factors including a 
previous state, parameters of tumor, tumor current microenvironment and drug concentration. 



489. The method of claim 488 where spatial structure of the tumor is included in the 



model. 



^ \ 490 The method ofclaim 489, wherein PK and PD, cytotoxic and other cell 

> \ 




disintegration effects , and cytostatic effects of anticancer drugs are incorporated into the model. 



491 . The method of claim 490 wherein a dose-limiting toxicity is incorporated into the 



model. 




492. IThe method of claim 480 wherein, said parameters specific to the individual 
comprise parameters related to tumor dynamics, patient specific drug PK, and dynamics of dose- 
limiting host tissues. 



493. The method of claim 492, wherein said parameters related to tumor dynamics 
comprise age, weight, gender, percentage of limiting healthy cells, desired length of treatment 
protocol, previous reaction to treatment, molecular markers, genetic markers, pathologic 
specifics and cytologic specifics. 

S,i£?\ 494\ A method of predicting a progression of cancer in a general patient, said method 
U^coffiprising: 

creating a cancer system model; 

enumerating a plurality of treatment protocols for treating cancer using drugs, including 
5 chemotherapy; and 

selecting an optmial treatment protocol from said plurality of treatment protocols based 

on the modified system model. 




495. The method of cifcym 494 wherein the system model further comprises: 
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a realistic process model of cancer development; and 

a realistic tf^atment model that models the effects of treating cancer with drugs, including 
chemotherapy. 



496. The method of claim 495 wherein said process model incorporates a distribution 
of cycling cells and quiescent cells. 



497. The method of claim 495 where a tumor cell cycle is divided into at least four 
compartments Gl, S, G2 and M and a quiescent stage is denoted by GO, wherein each of said 
four compartments is further subdivided into sub-compartments and an ith sub-compartment 
representing cells of age I in the corresponding compartment, wherein cells entering a 
compartment always enter a first sub-compartment of the compartment. 

498. The method of claim 497 wherein the model traces development of cancer cells 
using a predetermined set of parameters by calculating a number of cells in each 
subcompartment using stepwise equations. 



499. The method of claim 498 wherein a probability vector is used to determine a 
fraction of cells that leaves any subcompartment in a compartment to move to a first 
subcompartment of the next compartment. 



500. The methbd of claim 498 where a set control functions uniquely determine an 
outcome of every single st^p, wherein said control functions depend on age of cells, state of a 
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current population and associated environment. 



501. The method ofVlaim 498 wherein a tumor is modelled as a combination of a 
plurality of homogeneous groupV cells, each of said homogeneous group of cells representing 
similarly behaving group of cells distributed between all the cell-cycle compartments. 



502. The method of claim 501, wherein in each step, a number of cells in each sub- 
compartment of each compartment of each group is calculated according to factors including a 
previous state, parameters of tumor, tumor current microenvironment and drug concentration. 
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O 503 - The method of claim 502 where spatial structure of the tumor is included in the 

model. 
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504. The method, of claim 503, wherein PK and PD, cytotoxic effects and cytostatic 



Ql\ 4ffej?ts of anticancer drugs aiie incorporated into the model. 



505. The method of claim 504 wherein a dose-limiting toxicity is incorporated into the 

model. 




506. /Computer program product, including a computer readable medium, said 
' r \ 08ram P roduct c Vprising a set of instruction to enable a computer system to aid in 
njX, recommending an optftnal treatment protocol for an individual comprising: 

a system model co\Je; 
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treatment protocol code for a plurality of treatment protocols; 

a system mouel modifier code , wherein said system model is modified by the system 
model modifier basefl on parameters specific to the individual; and 

a selector code to select an optimal treatment protocol from said plurality of treatment 
protocols based on the modified system model. 

507. The computer program product of claim 506 wherein the system model code 
further compri ses : \ 

a realistic biological process model code; and 

a realistic treatment model code that enables a computer to model the effects of a 
treatment on the biological process. 

508. A computer program product, including a computer readable medium, said 
program product comprising a set of instructions to enable a computer system to aid in 
recommending an optimal treatment protocol for a general patient comprising: 

a system model code; \ 

treatment protocol code fori a plurality of treatment protocols; and 
a selector code to select an (Optimal treatment protocol from said plurality of treatment 
protocols based on the modified systein model. 

509. The computer program product of claim 508 wherein the system model code 
further comprises: \ 

a realistic biological process model codec and 
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\ 

a realistic treatment model code that enables a computer to model the effects of a 
5 treatment on the biologicalWocess. 
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